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RESULTS OF TESTS IN THE NASA/LaRC 
31 -INCH CFHT ON AN O.OIO-SCALE MODEL 
(32-OT) OF THE SPACE SHUTTLE CONFIGURATION 3 
TO OBTAIN HYPERSONIC AERODYNAMIC CHARACTERISTICS 
FOR SECOND STAGE OPERATION DURING 
NOMINAL BOOST AND THE ABORT RTLS MODE (IA58) 

By D. E. Thornton, Rockwell International Space Division 

ABSTRACT 

Tests were conducted in the NASA Langley Research Center 31-inch Con- 
tinuous Flow Hypersonic Wind Tunnel from 11 February to 13 February 1974, 
to obtain hypersonic aerodynamic forces and moments on an 0.010-scale model 
of the Space Shuttle Vehicle Configuration 3. Hypersonic stability data 
were obtained from tests at Mach 10.3 and dynamic pressure of 150 psf for 
the Integrated Orbiter and External Tank, Orbiter alone, and External Tank 
alone. The effects of solid plume simulation from the main propulsion 
system as well as eleven, aileron, and rudder deflections were also invest- 
igated. 
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NOMENCLATURE 

(Continued) 




Body -Axis System 


SYMBOL 

ON 

SADSAC 

SYMBOL 

CN 

DEFINITION 

normal-force coefficient; 

normal force 
qs 

ca 

CA 

axial-force coefficient; 

axial force 
qs 

cy 

CY 

side-force coefficient; 

side force 
qS 

c A b 

CAB 

base-force coefficient; 
-A b (p b " Poo)/<l s 

base force 
qS 


°Af 

Cm 

Cn 

H 


CAF 

CIM 

CYN 

CEL 


forebody axial force coefficient; C A - C A 
pitching-moment coefficient; P ltch ^| | 


l b 

moment 

•REF 


yawing-moment coefficient; yaw ing^moment 
rolling-moment coefficient; roll ^g mQme - 
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NOMENCLATURE (Concluded) 
Additional Nomenclature 


Symbol 

SADSAC 
Symbo 1 

Definition 

RTLS 


return to launch site 

<l ’a 

A1LR0N 

aileron deflection angle, degrees 

6 e 

ELEVON 

elevon deflection angle, degrees 

6 R 

RUDDER 

rudder deflection angle, degrees 

6 sb 

SPDBRK 

speedbrake deflection angle, degrees 
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CONFIGURATIONS INVESTIGATED 


Three configurations were tested. These were the second stage ascent 
configuration consisting of Orblter with External Tank attached, the RTLS 
configuration (Orbiter alone), and the External Tank alone. The model used 
for this test was an 0.010-scale replica of Configuration 3 of the Space 
Shuttle Orblter and the External Tank. 

The configuration nomenclature was abbreviated for convenience as 
follows: The symbols are defined in the Model Dimensional Data: 


°1 = B 19 C 7 E 23 E 5 M 4 N 8 N 24 
r 5 v 7 w 107 

B 2 = B 19 E 7 E 23 p 5 *^4 R 8 *^24 

PL 2 R 5 V 7 W 107 
T 1 = T-jo + L + P + A + F 


^2 = T 10 + L + P + A 


L = FL 7 + FL 8 


p = pt , 6 + pt , 7 + pr 18 

A = ATg 2 AT 23 + AT 21 
F = FR 6 


Orbiter without solid plume 

Orbiter with solid plume 
External Tank with cross member 
between aft ET/Orbiter attach 
structures 

External Tank without cross member 
between aft ET/Orbiter attach 
structures 

LOX and LH 2 feedlines between ET 
and Orbiter 

LOX vent line fairing, LOX feedline 
fairing, and LH 2 vent line fairing. 
Attachment Structures 
Cross member between aft ET/Orbiter 
attachment structures 
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Control surface effectiveness was 1nvesti«ated with eleven deflections 
-40°, -20°, 0°, and *16 degrees and an aileron deflection of -10 . A ruddri 
deflection of -20° was also tested. A main Propulsion System engine, which 
simulated plume shape, was also tested. The solid plume shapes were attached 

to the sting and were non-metric. 



INSTRUMENTATION 


The LaRC 0.75-inch diameter 2019C six-component internal balance wa:> 
used for this test program. Either the External Tank or Orbiter was mounted 
on the balance. For the integrated vehicle portion of the test the Orbiter 
was mounted on the balance. 

No model base or balance chamber pressures were measured during this 

test. 


TEST FACILITY DESCRIPTION 

The Mach 10 nozzle of the Langley continuous flow hypersonic tunnel 
is designed to operate at stagnation pressures of 15 to 150 atmospheres at 
temperatures up t< 1960°R. Air is preheated electrically by passing 
through a multi-tube heater. The nozzle has a 31-inch square test section 
which incorporates a moveable second minimum. Continuous operation is 
achieved by passing the air through a series of compressors. Additional 
information on this facility is given in NASA TM X-1130 entitled, "Char- 
acteristics of Major Active Wind Tunnels at the Langley Research Center, 
by William T. Schaefer, Jr. 
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DATA REDUCTION 


Aerodynamic forces and moments were reduced to coefficient form using 
the following reference dimensions: 

Reference Area (Sp e p) = 0.269 ft^ (38.736 in^) 

Reference Length (LR e f) = 12.90 in. = Bpgp 
The moments were reduced about a moment reference center located as 
follows: 

External Tank only 

ET Station 12. oO (9.51 in aft of ET nose) on ET centerline 
Orbiter Only 

Orbiter station 10.767 (8.387 in aft of Orbiter nose) in the 
plane of symmetry (Y 0 = 0.00) along the FRP (Z 0 = 4.00) 
Integrated Vehicle 

ET station 9.890 on ET centerline (X 0 = 2.38, Orbiter nose). 
YMRP = 0 

ZMRP = 3.33 in. below FRP 

Standard LaRC data reduction techniques were used for reducing 
the data to coefficient form. 
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TABLE I. 


IdATEJ FF.B.,1974 


TEST CONDITIONS 


MACH NUMBER 


REYNOLDS NUMBER 
(per unit length) 


DYNAMIC PRESSURE 
(pounds/sq. inch) 


STAGNATION TEMPERATURE 
(degrees Fahrenheit) 



BALANCE UTILIZED: __ 

LaRC 201 9C 






COEFFICIENT 


CAPACITY; 

ACCURACY: 

TOLERANCE: 

NF 

70 lbs 

0.35 lbs 


SF 

25 lbs 

0.125 lbs 


AF 

15 lbs 

0.075 lbs 


PM 

70 In-lbs 

0.35 in-lbs 


RM 

15 in-lbs 

0.075 in-lbs 


YM 

25 in-lbs 

0.125 in-lbs 


COMMtNTS: 
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TABU III. MODEL DIMENSIONAL DATA - 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT 
GENERAL DESCRIPTION 


O-OOOl 



DRAWING NUMBER 


DIMENSIONS . 


FULL SCALE MODEL SCALE 


Length (x o *433 to X_= 578) In.F.S.. 


Max Width 


Max Depth 


Fineness Ratio 


Max. Cross-Sectional 
Plonform 


Wetted 
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TABLE 111. - M0DEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT : et.evon - — — 

GENERAL DESCRIPTION: Configura tion 3 per W 1Q7 Rockwell .Lines Dravjag 

VL7Q-000139B data for (l) of (2) sides. _ 


WW* scale- Q.mo 

DRAWING NUMBER: uT^ru^m 


DIMENSIONS: FULL-SCALE 

Area . Ft 2 20§-$2 

Span (equivalent) - In. 

Inb'd equivalent chord - in. 114.78 

Outb'd equivalent chord - in. 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord Q.2Q8 — 

At Outb'd equiv. chord Q.toQ — 

Sweep Back Angles, degrees 

Leading Edge Qifl Q — 

Trailing Edge - 10 . P k. — 

Hingeline -JLQQ — 


Area Moment (Normal to hinge Iine)-Pt3 15,48 ,_qx 


MODEL SCALP 

a. 0306 

3.5V3 

ULS 

CL2®. 


Qu208 

qjtoa 

cloq 

1&-2I1 

o.na. — 

n.nn^U ft 


i 


16 


i 


j 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT oms pod - ___ 

GENERAL DESCRIPTION .Onnflmirat.tnn 7 par Rnnlrupl 1 Lines VL7Q-00013Q 
IfOTE: Identical to f except Intersection to fuselage. 


.MODEL SCALE; Q.Q1Q 

DRAWING NUMBER _ vr.7n.rwn no 


DIMENSIONS ■ 

Length - In. 

Mox Width - In. 

Max Depth - In. 

Fineness Rotio 
Area 

Max. Cress-Sectional 
Planform 

Wetted 

Base 


FULL SCALE 

- 

lofl-Q 

11T.0 


MODEL SCALE 

^60 

^>60 

1.130 
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model 


— — 

GENERAL DESCRIPTION: _***J*IX** U - fMdta tUWl- 

Il1 r .. yia ^ja^-u^^ 0 

jg^JQSSlj. 



ODEL SCALE: 

jr/’IJING NUMBER: J&Z2- 

DIMENSIONS: 

MACS NO. 

Diameter - In* 

Exit 

Throat 

Inlet 

j.rsa -«? 

Er.lt 

Throat 

Gimbal Point (Station) - In* 

X 

I 

Z 

Lover Nozzles 
X 
Y 


g jgX SCflLB MODEL SCA LE 




ofl.QQ 


- 13 <6 39 — 


_Q 001# 






Null Position - Dets- 

Pitch 

Yaw 

Lover Nozzle 
Pitch 
Yav 



19 


TABU HI. - MODIi ra>0!B;IOM „ L . Contlnue(J _ 

MOur.L COMPONENT: MP.J NOZZLE,: - N ^ 

GENERAL DESCRIPTION* n ~~~~ 

MKL^aaalaa 


MODEL SCALE: q.qiq 


DRAWING NUMBER: 
DIMENSIONS: 

MACH NO. 


_VL70-000lltOA t 


Length - In. 

Gimbal Point to Exit Plane 
Throat to Exit Plane 

Diameter - In. 

Exit 

Throat 

Inlet 

Are V.r= 2 Nozzle 
Ex’it 

Throat 

Gimbal Point (station) - In. 
Upper Nozzle 
X 

Y • 

Z 

Lover Nozzles 
X 

Y 

Z 

Null Position - De^. 

Upper Nozzle 
Pitch 

Yaw 

Lover Nozzle 
Pi tch 
Yaw 


rvjuu uLr.lifj 

— 1^7.0 . 

MO DEL SCALE 
] .*i70 

9Su2. 

O.qqp 

31.000 




^5J£585 

O.OOh^P 


l41q.o 
Q 

-JA.Uso 

0 

—kks* Q 

k.kon 

-1466.16996 

Ik. Mo 

-4- ^.0 0 
-442.639ffl 

~± o.^ 
l4.4g 6._ 

162 

16® 

O 

o 

— m°-_ ■ , 

10° 

is? 
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TABLE III. - MODEL Dll 


DATA - Continued. 



Ratio of local axial distance 
from nozzle exit plane to nozzle 
exit plane Internal radius 



FULL SCALE MODEL SCALE 



J 


TABLE 111# - MODEL DIMENSIONAL DATA ~ Continued, 
MODEL COMPONENT: p,,™,,. „ 


GENERAL DESCRIPTION: 


- .CQ Q f 1 glirn 1 1 nn flrhl I r r fiudfl I 


^ - W,NG «""» = — VL7Q-OOQ1 

DIMENSIONS: 

Area - Ft 2 

Span (equivalent). In . 

Inb'd equivalent chord - In. 

Outb'd equivalent chord - in. 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equlv. chord 

At Outb'd equlv. chord 

Sweep Back Angles, degrees 

Leading Edge 

Trailing Edge 

Hingeline 

Area Moment (Normal to hinge line) . n 3 


MODEL DRAWING: 3S-AG0148, RELEASE 6 


FULL-SCALE 


— sum 

— aj+oo . 


model SC ALT 


0-916 

0.508 


3LfiH 


t 


TABLE III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL OM’ONENT: VERTICAL - 

GENERAL DESCHIPTION: JMrtl. M , , r „~ 

rounded leading edge. 

JOffil — S8 M . M V j— bak kith manli-mint or hr», a ..» c r> mn - , d 

MODEL SCALE: Q.Q1Q 


DRAWING NUMBER: VL70-00Q13Q 

DIMENSIONS: 

TOTAL DATA 

Area (Theo) - Ft 2 
Planform 

Span (Theo) - In. 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Sweep-Back Angles, Degrees. 

* Leading Edge 
Trailing Edge 
0.25 Element Line 

Chords : 

Root (Theo) 'VP 
Tip (Theo) VP 
MAC 

Fus. 3ta. of .25 MaC 
W.P. of .25 MAC 
B.L. of .25 MAC 

Airfoil Section 

Leading Wedge j.ngle - Deg. 
Trailing Wedge Angle - Deg. 
Leading Edge Radius 

Void Area - Ft 2 

Blanketed Area 


FULL SCALE 


ifc gg 9 2 

11*. 72 

—■ 1.675 
— 0-507 
- 0.404 . 

45.000 

2£u2k q 
- 41.130 


268. so 
-108.47 
199.81 
l46l,50 
615.522 
0-00 


10-iQQQ. 

1L32Q. 

-2.Q 

11.17 

0.00 


MODEL 3C/LE 




1 . 67.5 

Q-507 

— OJl04 . 


26.249 

JH..130 


-- 2.685 ... 

— 1.085 

- 1 . 998 - 

-14.635 

—6.155 

0*00 


iSLs m ... 

14.020 

0. 020 


—0^0011 

- 0.00 
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TABLE III, - MODEL DIMENSIONAL D/T / ~ Continued, 


MODEL POMPOM E* t : V.'ING-W 

-PM E RA_ DESCRI °TI ON : Configur ation 8 per Kockvell LI neu VL7n-00018QB 

NOTE: :4unc aa W , except cu f f- airfoil nnd Incidence angle. -— 


MOP FT - aca£i fl*01Q 

T.S T VQ, 

DIMENSIONS: 


DUG* NO. vT.7n-nom 8 qb 

FULL-SCALE MODEL SCALE 


TOTAL DA" A 2 

Area (Yneo . ) Ft c 
Planform 
Span (Theo In. 

Aspect R’.tio 
Rate of Taper 
T aoer Ratio 

Dihedral Angle, degrees 
Inc-dence Angle, degrees 
Aerodynamic Twist, degrees 
Sweep 3ack Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: 

Root (Theo) B. P.0.0, 
Tio, (Theo) B.P. 

MAC 

Fus. Sta. of .25 MAC 
W.?. of .25 MAC 
B.L. of .25 MAC 


BP108 


EXPOSED DATA 9 

— AVea ITHeo) - Ft 4 
Span, (Theo) - In. 

Aspect Ratio 
Taper Ratio 
Chords 

Root BP108 
Tip 1.00 b 

MAC 2 
Fus. Sta. of .25 MAC 
W.P. Of .25 MAC 
B.L. of .25 MAC 

Airfoil Section (Rockwell Mod NASA) 
yyyy-fid 


Root b » 

7 

Tip b ■ 

7 

Data for (1) of (2) Sides 

Leading Edgy Cuff ? 

Planforn A?-ea e t 

Loading Edge Intersects Fus M. L. 0 Sta 
Leading Edge Intersects Wing ? Sta 


rfign jpq— 
93fa 6ft" 

— a a6» 
1.172. 
Q.20Q. 

3-5oa- 

O-SQQ- 

± 2.000 


o 2690 — . 

. 

- 

,1.377 

. 0.2QQ 

3*500 

Q-50Q 

±-2*000 


kR.nnn 
- 10-24— 


An -non 
- 1Q-2A 

•^S.POQ 


689.2k 

117. as. 
JokJZL 
ii3fi*aa 




6»flae 

- 1-220 

, L. m — 

11.269 

2.QQ2 
1. 821 _ 


1752, 2Q 

720.68. .... 
2-056 

0.2451- 


fljisa — 

7,207 

3.053 

A*2k53 


562.40 5.62k 

137 .85 , 1 . 12k 


393-03 

1185 , 31 — 

300- 20 

251,26 — 


3-930 

11.85.1 

3*002. 

2-518 


JLJft 

0.12 0.12 


ufr.m 

52SL— 

1088.4 


0-03lfi 

5*00— 

m*82k- 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT : external tank - t 10 

GENERAL DESCRIPTION .External Qxvgen-Hvrtrn gf >n Tank. 3 rvmfM p uratt an . 
per Rockwell Lines VL78-OQOOL1 and VL 7 S-OOOQ 88 

■ MODEL SCALE, fl.mn 

DRAWING NUMBER VT.7P-omoA A, vl78-qqqq4i 


DIMENSIONS ; 

FULL SCALE 

MODEL SCALE 

Length - in. (Nose <§. X Q = 309) 

— 

lfl.fiso 

Max Width (Dia. - In.) 

32 k 

3 QliA 

Max Depth 



Fineness Rotio 

5*25611. 

5.7^617 

Area - pt 2 



Max. Cross-Sectional 

522*555 

O.OST* 

Plonform 



Wetted 



Base 



W.P. of Tank Centerline (X T ) In. 

4oo.oo 

4.00 
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TABLE 111 . - MODEL DIMENSIONAL DATA - Continued. 
MODEL COMPONENT: FEEDLINE - Fl,-y 

GENERAL DESCRIPTION: LOX fee dll ne between ET and O rhl ler 


MODEL SCALE: 0.010 




DRAWING NO.: VL 78 -OOOO 5 O 




DIMENSIONS: 


FULL SCALE 

MODEL SCALE 

Centerline at: 

% 

2081.0 

20.810 


y t 

70.0 

0.70 


x o 

1330.0 

13-300 


Y o 

70.0 

0.700 

Diameter 


18.5 

0.185 


26 


TABLE III, - MODEL DIMENSIONAL DATA - Continued. 
MODEL COMPONENT: FEEDLINE - FLy 

GENERAL DESCRIPTION: LEj feedline between ET and Orb Her 


MODEL SCALE: O.OIO 



DRAWING NUMBER: VL78-000050 



DIMENSIONS: 

FULL SCALE 

MODEL SCALE 

Centerline at: Xj 

2081.0 

20.810 


- 70.0 

- 0.700 

*o 

1330.0 

13.300 


' 70-0 

- 0.700 

Diameter 

18.5 

■ 0-185 
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TABLE III. - MODEL DIMENSIONAL DATA- Continued. 

MODEL COMPONENT: ET PROTUBERANCE - FTift 

GENERAL DESCRIPTION: LOX vent line fairing, 



TABLE III. - MODEL DIMENSIONAL DATA - Continued. 

MODEL COMPONENT: ET PROTUBERANCE- PTjy 

GENERAL DESCRIPTION: LOX feedline fairing 

i 


MODEL SCALE: O.O10 




IRA WING NO. : VL78-00003IA 




DIMENSIONS: 


PULL SCALE 

MODEL SCALE 

Leading edge at: 

X>p 

955-0 

S-.S2 


*T 

70 0 

0.70 

Trailing edge at: 

JOj 

2058.0 

20.58 


X T 

70.0 

0.70 
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TABLE III. -MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: ET PROTUBERANCE - PT o 

— 18 



MODEL SCALE: O.OIO 


DRAWING NO.: VL78-000031A 


DIMENSIONS: 


PULL SCALE 

MODEL SCALE 

Leading edge at: 

Xrjt 

947.0 

9-47 


*T 

- 70.0 

- 0.70 

Trailing edge at: 

Xp 

2058.0 

20.58 


y t 

- 70.0 

- 0.700 
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TABLE III. - MODEL DIMEHSIOKAL DATA - Continued. 


MODEL COMPONENT: ATT ACH STRUCTURE - AT 2g 

GENERAL DESCRIPTION: Right rear, Orbiter to External, . Tank 


MODEL SCALE: O.OIO 

DRAWING NO.: VL72-000088B + VL72-000089 NOTE: Use first drawing for location 

and second drawing for detail 
of struts 


DIMENSIONS: 

First strut 

Diameter - In. (Approx.) 

Aft Location, In. (Attach to Orbiter) 

*0 

Xt 

Fwd Location - In. (Approx.) 

(Attach to Orbiter) 

x o 

Xt 


FULL SCALE 


8.0 


1307.0 

2058.0 


1108.0 


NOTE: This strut is the mirror image 

strut AT 23 

Second Strut 

Diameter, In. (Approx.) 

Location - In. 

Xo 

X T 

NOTE: This is a cross brace strut. 




8.0 


1307.0 


2058 


MODEL SCALE 


0.08 


13.070 

20.580 


11.080 


0.08 


13-070 


2 0.580 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 


MODEL COMPONENT: ATTACH STRUCTURE - AT. 


iL 


GENERAL DESCRIPTION: Left rear, Orblter to External Tta.nk 


MODEL SCALE: O.OIO 

DRAWING NO. : VL72-000088B & VL72-OOOO89 

DIMENSIONS: 

Forward attach points: 

Orbiter to Tank 
No. of struts 
Diameter - In. (Approx) 
Location - In. 

x o 

Xp 

Aft attach points: 

Location - In. (Approx.) 

*0 

x T 


NOTE: Use first drawing for location 

and second drawing for detail 
of struts 

FULL SCALE MODEL SCALE 


1 


1 


8.0 0.08 


1 397 . .... 13-070 

2058 20. $80 


1108 11.080 

1859 1 8. $90 


♦ 
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. 
MODEL COMPONENT: ATTACH STRUCTURE - A T 21 

GENERAL DESCRIPTION: Attach structure, aame aa AT^ except only tue 

forward attach structure . 


MODEL SCALE: O.OIO 

DRAWING NO.: VL72-000089 

DIMENSIONS: 

Orbiter to Tfenk 

Location- In. 

% 

Xj 


FULL SCALE MODEL SCALE 


382.000 3.820 

1133.000 11.330 
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TABLE m. - MODEL DIMENSIONAL DATA - ConcludpH 



MODEL SCALE: O.OIO 


DRAW1M0 *0.: VL78-000062B, W8-000050 
DIMENSIONS: 

Leading edge at X^p 

Length 

Width 


MODEL DRAWING: SS-A00117 

SCALE MODEL SCALE 

— ^°^»50 20. 




Positive directions of force cofficients 
moment coefficients, and angles ore 
indicated by arrow 
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Figure 1. - Axis systems. 



a. Integrated Vehicle Configuration 





ire 





a. Model 32 -0T in the LaRC CFHT 
Figure 3. - Model Installation photographs. 
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FIG 06 EFFECTS 

CAJMACH = 10.33 
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FIG 07 EFFECTS 

(A)MACH = 10.33 
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ANGLE OF ATTACK. ALPHA. OEGREES 

FIG 11 EFFECTS OF AILERON DEFLECTION 
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APPENDIX 

TABULATED SOURCE DATA 


Tabulations of plotted data are available on request from 
Data Management Services. 
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